MOISTURE -PERMEABLE WATERPROOF FABRIC 



BACKGROUND OF THE INVENTION AND RELATED ART STATEMENT 

The present invention relates to a moisture-permeable 
waterproof fabric having, in addition to excellent water 
resistance and moisture permeability, satisfactory surface 
friction resistance and, in case of being used for clothes, high 
sweat -dischargability for discharging sweat therethrough when 
humidity in a space between the clothes and the human body 
(hereinafter, referred to as "humidity within clothing") 
increases due to sweating. 

As a method of producing the moisture -permeable waterproof 
fabric, known have been coating method and laminating method. 
In the coating method, urethane resin solution is directly 
applied on such a base fabric as woven and knit fabrics obtained 
from textile materials, and then dried to form a non-porous 
moisture-permeable resin layer. On the other hand, the 
laminating method includes forming a non- porous film of urethane 
resin on a releasing paper; applying and drying urethane resin 
on the non -porous film to form an adhesive layer; and stacking 
a base fabric on the adhesive layer, followed by 
thermocompression bonding. 

The moisture -permeable waterproof fabric is used for 
clothes with its moisture-permeable resin layer being the inside 



(i.e. , human body side) thereof. The moisture-permeable resin 
layer may be covered with a resin coat mainly composed of ure thane 
resin , in order to prevent the layer from being damaged by friction 
caused when the clothes is putted on, cleaned and the like. 

The moisture permeability of the moisture -permeable 
waterproof fabric has been regarded as an indicator of 
comf ortability for a person wearing clothes made of the fabric 
(hereinafter, referred to as "wearer"). The moisture 
permeability, however, is determined by measuring water amount 
passing through the fabric under predetermined conditions, that 
is, by the measurement performed in a steady state. Therefore, 
the conventional moisture -permeable waterproof fabric has not 
been considered to be effectively used in case where the wearer 
feels uncomfortable by an extraordinarily increased humidity 
within clothing (i.e., humidity in a space between the human 
body and the clothes) due to his sweating. Considering usual 
movements of the wearer, his movements in most cases vary 
quantitatively every second. In general, his sweat amount 
varies according to such a variation of the movements. Thus, 
the conventional moisture-permeable waterproof fabric had a 
disadvantage that, although it keeps the wearer feeling 
comfortable when he takes a relatively light exercise, it may 
make him feel humid and uncomfortable when his sweat amount 
rapidly increases . 



SUMMARY OF THE INVENTION 

According to an aspect of the present invention, which can 
overcome the aforementioned problems of prior art technology, 
a moisture-permeable waterproof fabric includes a base fabric; 
a moisture-permeable resin layer formed on one side of the base 
fabric and including a non-porous urethane resin film; and a 
surface protective resin applied in a dry mass of 0.5 to 10 g/m 2 
on the moisture -permeable resin layer. The surface protective 
resin containing a hydrophilic urethane resin whose coefficient 
of moisture absorption is 40% or more at 30 °C and 90% of relative 
humidity as a main component; and organic fine particles having 
excellent moisture-absorbing/ releasing property (that is, both 
properties of absorbing moisture and releasing absorbed 
moisture) and exhibiting heat -generating property by moisture 
absorption (that is, property of generating heat when absorbing 
moisture) . 

The high mois ture - absorbing/ releasing and heat - generat ing 
organic fine particles, for example, can be produced by 
chemically transforming nit rile groups in the following 
acrylonitrile cross -linked polymer into carboxylate salt groups 
through hydrolysis . The acrylonitrile cross -linked polymer is 
obtained by introducing a crosslinking structure into an 
acrylonitrile polymer through hydrazine compound treatment, or 
by introducing a crosslinking structure by using, as acomonomer, 
a compound having two or more polymerizable vinyl groups. In 



either case, the organic fine particles preferably include 1.0 
mmol/g or more of the carboxylate salt groups. 

It is also preferred that , when used for clothes , the fabric 
canef f ectively lower an increased humidity within clothing (i.e. , 
humidity in a space between the human body and the clothes ) due 
to sweating. The fabric, accordingly, has 3%RH or more of a 
humidity difference , Ah [the following equation (1)1, between 
humidities under the following respective conditions, H 0 and 
H s# measured with the following sweat simulator at ±Q°C and 50% 
of relative humidity. 

AH = H 0 - H s (1) 

H s : when using the moisture-permeable waterproof fabric 
in which the moisture -permeable resin layer is formed on the 
one side of the base fabric and the surface protective resin 
is further applied thereon, humidity (%RH) of the surface 
protective resin-applied side of the fabric 

H 0 : when using a coated base fabric in which the 
moisture-permeable resin layer is formed on one side of the base 
fabric, humidity (%RH) of the moisture -permeable resin layer 
side of the coated base fabric 

The sweat simulator and conditions for measuring the 
above-mentioned humidities H s , H 0 are described below. 

Sweat simulator: 

A sweat simulator includes a thermogenesis sweat mechanism 
having a substrate with holes that liquid can pass through and 



a thermogenerator; a water supply mechanism for supplying the 
holes with water; a thermogenesis control mechanism for 
controlling temperature of the thermogenerator; and a 
temperature and humidity sensor. It should be noted that the 
holes simulate pores, that is, holes in a skin that liquid, 
especially sweat can pass through . The substrate , which is made 
of brass, has an area of 120cm 2 and is provided with six holes 
therethrough. The thermogenerator including a sheet heater 
controls the substrate temperature to keep it constant at a 
predetermined temperature. The water supply mechanism sends 
water at a constant rate to the holes of one surface of the 
substrate with a tube pump. The other surface of the substrate 
is covered with a simulated skin of polyester multifilament 
fabric having a thickness of 0 . 1mm to 0 . 6mm. The simulated skin 
allows water discharged through the holes to spread over the 
substrate surface, to produce a sweat condition. The substrate 
has a 1cm high outer flame around the periphery thereof . This 
makes possible to arrange a sample fabric in a position spaced 
apart 1cm from the substrate surface. The temperature and 
humidity sensor is located in a space between the substrate and 
the sample fabric, and used for measuring humidity of "a space 
surrounded by the substrate, the sample fabric and the outer 
flame" under the sweat condition. This space simulates, when 
the fabric is used for clothes , a space between the clothes and 
its wearer (hereinafter, referred to as "simulated inner clothes 



space" ) . 

Standard sweat condition: 

In a standard condition, the predetermined temperature of 
the substrate and the constant rate for supplying water, i.e. , 
sweat amount are respectively 37°C and 270 (g/m 2 ) /hr . 

Measuring method: 

For humidity measurement, used are a sample coated base 
fabric for measuring H 0 in which the moisture -permeable resin 
layer is formed on one side of the base fabric; and a sample 
moisture-permeable waterproof fabric for measuring H s in which 
the surface protective resin is further applied on the 
moisture -permeable resin layer formed on the base fabric. A 
moisture impermeable film made of polyvinyl chloride is then 
provided on the moisture -permeable resin layer side of the sample 
coated base fabric (or the surface protective resin-applied side 
of the sample moisture-permeable waterproof fabric) , to block 
the moisture penetration from the simulated skin to the sample 
fabrics . The sample fabrics are arranged in a manner that the 
moisture -permeable resin layer side or the surface protective 
resin-applied side (i.e. , moisture impermeable film side) faces 
to the simulated skin side of the substrate. With using the 
temperature and humidity sensor, a preliminary humidity 
measurement of the simulated inner clothes space is started. 
The simulated inner clothes space becomes humid due to the 
moisture impermeable film and, when the humidity thereof reaches 



95%, the moisture impermeable film is removed to start a main 
measurement . The main measurement is performed for two minutes 
with recording the measured humidity every two seconds. The 
above-mentioned H s and H Q respectively mean the minimum values 
of the sample moisture-permeable waterproof fabric humidity and 
the sample coated base fabric humidity that are measured during 
the main measurement. 

According to the present invention, by applying the surface 
protective resin containing the organic fine particles, which 
have excellent moisture- absorbing/ releasing property and 
exhibit heat -generating property by moisture absorption, on the 
moisture -permeable resin layer formed on the base fabric, 
provided can be moisture -permeable waterproof fabric exhibiting 
not only excellent moisture permeability and water resistance 
but also satisfactory friction resistance . The clothes obtained 
from such fabric are excellent in sweat dischargability due to 
the organic fine particles. In other words, humidity within 
clothing (i.e., humidity in a space between the human body and 
the clothes) can be effectively lowered, even when the humidity 
raises as the sweat amount increases. In addition, the organic 
fine particles were dispersed into the surface protective resin. 
The surface protective resin has no chance to permeate into the 
base fabric. Therefore, it is hardly possible that too large 
amount of the organic particles project of the surface protective 
resin. Furthermore, since the organic fine particles have no 



chance to penetrate into the base fabric, such particles cannot 
deteriorate the effect thereof and original functions of the 
base fabric. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF 
THE INVENTION 

As described above, the conventional moisture -permeable 
waterproof fabric has the following problem. The conventional 
fabric has not been considered to be effectively used in such 
a case that, when a person wears clothes made of the fabric, 
the wearer feels uncomfortable by an increased humidity within 
clothing (i.e., humidity in a space between the wearer's body 
and the clothes) due to his sweat. Accordingly, in case where 
his sweat amount rapidly increases, the wearer feels that his 
inner clothes space becomes humid and therefore feels 
uncomfortable, although the clothes can keep him comfortable 
in case where he takes light exercise. 

In order to solve the problem described above , the inventors 
directed their attention to high moisture-absorbing/ releasing 
and heat -generating organic fine particles . Hereinafter, such 
organic fine particles are simply referred to as "organic fine 
particles" in some cases. By providing the organic fine 
particles on the human body side of the moisture -permeable 
waterproof fabric, the increased moisture due to the increase 
of sweat amount can be quickly absorbed by the organic fine 



particles and then the absorbed moisture is discharged to the 
outside (i.e., the opposite side of the human body) of the 
moisture -permeable waterproof fabric. This results in lowering 
the humidity within clothing, that is, the humidity in a space 
between the human body and the clothes. 

However, when the above-mentioned organic fine particles 
are dispersed into a solution used as a raw material for the 
moisture -permeable resin layer and the solution is then applied 
and dried on the base fabric to form the moisture-permeable resin 
layer, the organic fine particles are likely to penetrate into 
spaces among threads of the base fabric, thereby deteriorating 
the effect given by the particles and the original functions 
of the base fabric. In addition, it is difficult to improve 
the water resistance of the fabric having such a structure that 
the organic fine particles are dispersed into the 
moisture -permeable resin layer. Moreover, when excessive 
amount of the organic fine particles-dispersed 
moisture -permeable resin solution penetrates into the base 
fabric and, therefore, a thinner moisture-permeable resin layer 
is formed by drying the solution, too large portion of the organic 
fine particles are likely to project beyond the thinner 
moisture-permeable resin layer, resulting in fears that the 
projected particles partly drop from the layer and that the 
dropping causes defects in the layer. 

On the other hand, the conventional moisture-permeable 



waterproof fabric has a protective resin layer on the 
moisture-permeable resin layer surface to protect the 
moisture-permeable resin layer. The inventors directed their 
attention to this protective resin layer and added the 
above-mentioned organic fine particles not in the 
moisture -permeable resin layer but in the surface protective 
resin, which is applied on the moisture -permeable resin layer. 
As a result, the effect of the organic fine particles can be 
effectively used for improving the fabric properties without 
deteriorating the original functions of the base fabric, to 
accomplish the present invention. The organic fine particles 
can contribute not only to lowering humidity within clothing 
but also to improving friction resistance of the fabric. 

The base fabric according to the present invention 
particularly includes woven, knit, non woven fabrics and the 
like obtained from either one or more of polyester synthetic 
fiber, polyamide synthetic fiber, polyacrylonitrile synthetic 
fiber , semi synthetic fiber such as rayon and acetate , and natural 
fiber such as cotton and wool . These base fabrics maybe sub j ected 
to water-repellent treatment, in advance. The treatment makes 
easier to control the penetrating amount of urethane resin into 
the base fabric, that is, respective penetrating amounts of 
urethane resin forming the moisture-permeable resin layer and 
another urethane resin used as an adhesive. In the 
water-repellent treatment, fluorine and silicon 
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water-repellent may be used. 

At least one side of the above-mentioned base fabric , formed 
may be a moisture -permeable resin layer including a non-porous 
urethane resin film. The urethane resin used for the non-porous 
urethane resin film is hydrophilic and may include known 
moisture-permeable urethane resins . In case of using the known 
resins, any hydrophilic resins such as one part type resins and 
two part type resins to be cured with isocyanate may be used 
without any particular limitation . As the isocyanate for curing 
the two part type resin, aliphatic isocyanates is more preferable 
than aromatic isocyanates from the viewpoint of moisture 
permeability and weather resistant. 

Examples of the one part type resin include ether-based 
urethane resin solution. In particular, used may be a dimethyl 
formamide solution containing 25-35 mass% of polyurethane resin, 
which is made from polyethylene glycol, modified polyethylene 
glycol, ethylene glycol and 4-4 ' -diphenylme thane diisocyanate , 
having 30-60 mass% of oxyethylene group and 5-15 mass % of ethylene 
glycol as a component for elongation of the polymer chain thereof . 

It should be noted that these urethane resins might be added 
with a variety of additives such as titanium oxide for the purpose 
of improving coloring and other properties . 

The above-mentioned urethane resin solution is applied on 
a releasing paper and dried, to obtain a non-porous urethane 
resin film. The method for applying the resin solution is not 
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especially limited and includes any method in which the resin 
solution can be applied on the releasing paper so as to give 
an uniform thickness thereof. In particular, coating methods 
with using a knife, comma and roll coaters may be adopted. The 
method for drying the applied resin solution is also not 
especially limited. For example, used can be a method in which 
the resin solution is dried at about 100-150^ with an air oven 
or the like. 

It is recommended that the lower limit of the applied amount 
of the ure thane resin is determined so that the urethane resin 
film obtained by drying the applied urethane resin has a thickness 
of lym or more, preferably 3 Mm or more and more preferably 
5 Mm or more. When the applied amount is less than the 
above-mentioned range, the urethane resin film cannot exhibit 
the required water resistance for constituting the 
moisture-permeable resin layer . On the other hand, considering 
too thick moisture -permeable resin layer has an decreased 
moisture permeability, it is recommended that the upper limit 
of the applied urethane resin amount is determined so that the 
urethane resin film thickness is 30 Mm or less, preferably 25 
Mm or less and more preferably 20 Mm or less. 

On the obtained urethane resin film by applying and drying 
the urethane resin solution on the releasing paper as described 
above , formed is an urethane resin layer that serves as an adhesive 
in laminating between the urethane resin film and the base fabric 
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(hereinafter, referred to as "adhesive layer" ) . As the adhesive, 
two part hardening system type urethane resins , which have been 
used for the conventional moisture -permeable waterproof fabric , 
can be used. As the isocyanate for curing the urethane resin 
adhesive, it is more preferred to use aliphatic isocyanates than 
aromatic ones from a viewpoint of keeping the moisture 
permeability of the invention moisture -permeable waterproof 
fabric . 

Concrete examples of the urethane resin solution used 
as the adhesive includes polyester ether- based urethane resin 
containing 20-30 mass% of oxyethylene group dissolved in a mixed 
solvent of toluene / methyl ethyl ketone / dimethyl formamide 
(solid content: 40-60 mass%), but not limited thereto. 

The application method of the urethane resin adhesive on 
the urethane resin film formed on the releasing paper, which 
is not particularly limited, includes methods for applying the 
adhesive on the entire film surface with using, for example, 
knife, comma and roll coaters, and methods for applying the 
adhesive in spots of the film surface with using a gravure roll. 

After the application of the adhesive, the base fabric is 
laminated on the urethane resin film through the adhesive. As 
the lamination method, any of wet and dry lamination methods 
can be used. In the wet method, the base fabric is directly 
stacked on the applied wet adhesive, followed by drying. In 
the dry method, after the applied adhesive is dried, the base 
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fabric is stacked on the dried adhesive to paste it on the film. 
In either case, after the lamination, the laminate of the film 
and base fabric is separated from the releasing paper, to obtain 
a coated base fabric in which the moisture-permeable resin layer 
including the non-porous urethane resin film is formed on the 
base fabric. Besides the above -described lamination methods, 
it is possible to apply and dry the urethane resin solution (to 
form the moisture -permeable resin layer) directly on the base 
fabric, to obtain the base resin. 

Thereafter, the surface protective resin is applied on the 
above-mentioned moisture -permeable resin layer. The main 
component of the surface protective resin is required to have 
a satisfactory moisture permeability and therefore should be 
hydrophilic urethane resins having a coefficient of moisture 
absorption of 40% or more at 30°C and 90% of relative humidity. 
Any urethane resins having such property can be used whether 
it is so-called one part type resin or two part type resin that 
is to be cured with isocyanate, and without particularly limited. 
As described above, the present invention also aims at improving 
the friction resistance of the surface protective resin by adding 
the organic fine particles therein. Accordingly, the same 
urethane resins as used for the moisture -permeable resin layer 
can be used as the surface protective resin. 

In the surface protective resin, added are high 
moisture-absorbing/ releasing and heat -generating organic fine 
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particles. As raw material for such particles, acrylonitrile 
cross -linked polymer may be used. The "acrylonitrile 
cross-linked polymer" means, in particular, polymers produced 
as follows : A comonomer composition including a compound having 
at least polymer iz able vinyl group and nitryl group such as 
acrylonitrile and, if necessary, other comonomers is 
copolymerized to obtain an acrylonitrile polymer, and then the 
polymer is subjected to a treatment with hydrazine compound to 
introduce a crosslinking structure thereinto; Alternatively, 
the above-mentioned composition is further added, as a comonomer 
component for forming crosslinking structure, with a compound 
containing more than two polymerizable vinyl groups , to prepare 
another comonomer composition, and a crosslinking structure is 
introduced in the copolymerization process of the another 
composition . As the other comonomers , used can be vinyl halide , 
vinylidene halide , acrylic ester, methacrylic ester, sulfonic 
acid group -containing monomer or salts thereof such as p-styrene 
sulfonate, carboxyl group- containing monomer or salt thereof 
such as acrylic acid, acrylamide, styrene, vinyl acetate and/ or 
the like. As the compound containing 2 or more polymerizable 
vinyl groups, it is preferred to use divinylbenzene, triallyl 
isocyanurate and/or the like. Moreover, as the hydrazine 
compound, used can be hydrazine; hydrazine hydrate; hydrazinium 
salts such as hydrazinium sulfate, hydrazinium hydrochloride, 
hydrazinium nitrate, hydrazinium bromate and hydrazinium 
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carbonate; hydrazine derivatives such as ethylene diamine, 
guanidine sulfate, guanidine hydrochloride , guanidine nitrate, 
guanidine phosphate and melanin; and/ or the like. These other 
comonomers, compound containing 2 or more polymerizable vinyl 
groups and hydrazine compounds can be respectively used solely 
or in combination thereof. 

The organic fine particles exhibiting such properties 
include organic fine particles, for example, obtained by 
chemically transforming nitrile groups contained in 
acrylonitrile cross -linked polymer mentioned below into 
carboxylate salt groups (i.e., metal -containing carboxyl group , 
for example -COONa) by hydrolysis and, as a result, containing 
1.0 mmol/g or more of the carboxylate salt groups. The 
acrylonitrile cross -linked polymer includes polymers produced 
by: copolymerizing a comonomer composition containing 50 mass% 
or more of acrylonitrile into an acrylonitrile polymer and 
introducing a crosslinking structure into the acrylonitrile 
polymer with a hydrazine compound; or copolymerizing a comonomer 
composition containing 50 mass% or more of acrylonitrile and 
a compound containing 2 or more polimerizable vinyl groups. 
Concrete examples of the organic fine particles include (a) 
polymers obtained as follows : a comonomer composition containing 
85 mass% or more of acrylonitrile is copolymerized into an 
anrylonitrile polymer; the polymer is subjected to a treatment 
with a hydrazine compound for introducing a crosslinking 
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structure thereinto so as to increase the nitrogen content 
thereof in 1 . 0 - 1 5 . 0 mass% to obtain an acrylonitrile cross -linked 
polymer; and the remained nitrile groups contained in the 
obtained polymer is chemically transformed into carboxylate salt 
groups by hydrolysis, and, as a result, having 1.0 mmol/g or 
more of the carboxylate salt group and (b) polymer obtained by 
as follows : a comonomer composition containing 50 mass% or more 
of acrylonitrile, divinylbenzene or triallyl isocyanurate , and 
other comonomers is copolymerized into an acrylonitrile 
cross-linked polymer introduced a crosslinking structure 
thereinto; and the nitrile groups contained in the obtained 
polymer is chemically transformed into carboxylate salt groups 
by hydrolysis, and, as a result, having has 2.0 mmol/g or more 
of the carboxylate salt groups. 

It should be noted that "the increase of nitrogen content" 
of the polymer (a) means a difference between the nitrogen content 
(mass%) of the acrylonitrile polymer, which is used as the raw 
material, and that of the crosslinking structure -introduced 
polymer (i.e., acrylonitrile cross -linked polymer ) obtained by 
subjecting the above-mentioned acrylonitrile polymer to the 
hydrazine compound treatment. When the nitrogen content 
increase is less than the above-defined range, the organic fine 
particles may dissolve by the hydrolysis process . This prevents 
introduction of the carboxylate salt group into the acrylonitrile 
cross -linked polymer. On the other hand, when the nitrogen 
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content increase is greater than the above-defined range, 1.0 
mmol/g or more of the nitrile groups may not be transformed into 
carboxylate salt groups. In addition, the method for 
introducing crosslinking structure due to the hydrazine compound 
into the acrylonitrile polymer is not particularly limited, as 
long as the introduced crosslinking structure can give a nitrogen 
content increase of 1.0-15.0 massl. However, it is desired from 
an industrial viewpoint to treat the acrylonitrile polymer with 
the hydrazine compound having a concentration of l-80mass% at 
50-120°C for 0.2-10 hours. 

In order to prevent the moisture-permeable waterproof 
fabric from feeling rough, the average diameter of the organic 
fine particles is desirably 5 Mm or less. The organic fine 
particles having such diameter can be contained in the surface 
protective resin by a variety of methods. For instance, the 
organic fine particles having the desirable diameter obtained 
by milling may be added and dispersed into the surface protective 
resin solution. Alternatively, the organic particles having 
a diameter greater than the desirable range may be added in the 
solution, followed by a wet dispersion during which the organic 
fine particles are reduced the diameter thereof. It is also 
preferred that the organic particles are contained in the surface 
protective resin in an amount of 5 mass parts to 60 mass parts 
with respect to 100 mass parts of solid content of the resin. 
When the amount of the organic fine particles is less than the 



- 18- 



lower limit, the effect resulting from adding such particles 
cannot be sufficiently obtained. More preferable lower limit 
of the organic fine particle amount is 10 mass parts or more. 
On the other hand, when the organic fine particle amount is beyond 
the upper limit, the strength of such surface protective resin 
may decrease and the appearance of the moisture-permeable 
waterproof fabric may be deteriorated. More preferable upper 
limit of the organic fine particle amount is 50 mass part or 
less . 

Thus obtained organic fine particle- containing surface 
protective resin solution is then applied and dried on the 
moisture -permeable resin layer, to give the inventive 
moisture -permeable waterproof fabric. As the application 
method, the known methods such as application with gravure roll 
can be adopted. It is necessary that the solution be applied 
in a dry mass of 0.5-10g/m 2 . When the applied amount of the 
solution is less than the above-mentioned range, the effect 
resulting from the surface protective resin cannot be 
sufficiently obtained. Preferable lower limit of the applied 
amount is 1 g/m 2 or more. On the other hand, when the applied 
amount is beyond the above-mentioned range, the fabric is likely 
to feel stiff. Preferable upper limit of the applied amount 
is 6 g/m 2 or less. 

It is also recommended that the inventive 
moisture -permeable waterproof fabric gives Ah, the humidity 
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difference calculated by above-mentioned equation (1) , of 3%RH 
or more, preferably 5%RH or more and more preferably 7%RH or 
more. If the fabric gives Ah less than the above -mentioned range , 
it is considered not to efficiently exhibit the effect of 
decreasing the humidity within clothing (the humidity in a space 
between the human body and the clothes) . Accordingly, such a 
fabric cannot satisfactorily achieve the objects of the present 
invention . 

The inventive moisture -permeable waterproof fabric is, if 
necessary, further subjected to a water repellent treatment with 
a water-repellent such as fluorine and silicon. In addition, 
it undergoes a set of finishing to remove rivelling from the 
fabric surface and conform the fabric to the specification, to 
obtain a product. Moreover, the fabric may undergo a paper 
calendar treatment to improve its feeling. 

EXAMPLES 

The invention is now described in further detail with 
reference to some examples of its embodiment. It is to be 
understood that the mode of carrying out the invention is not 
limited to the following examples, but various modifications 
may be made therein within the spirit and scope of the invention. 
It should be noted that "%" and "part" means those as the basis 
for mass thereinafter, if not specified. 

In the examples, measurements and evaluations are 
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respectively performed as follows. 

(A) Coefficient of moisture absorption of resin film 
Urethane resin solution is applied on a releasing paper 

in a thickness of 0.09 mm through an applicator and dried at 
125 °C . The dried urethane resin is removed from the paper, to 
obtain a non-porous urethane resin film. The film is then 
subjected to a drying under reduced pressure at 100 for 3 
hours, followed by a measurement of its absolute dry mass. 
Thereafter, the film is left for 12 hours in an atmosphere of 
30 'C and 90% of relative humidity , and then the film mass after 
the film absorbs moisture from the atmosphere is measured. The 
coefficient of moisture absorption of the film is calculated 
by the measured values according to the following equation. 

coefficient of moisture absorption (%) = {(film mass after 
moisture absorption - absolute dry film mass) / absolute dry film 
mass} X 100 

(B) Diameter of organic fine particles, which is excellent 
in moisture-absorbing/ releasing property and heat -generating 
property by moisture absorption, contained in the surface 
protective resin 

The surface of the moisture -permeable waterproof fabric 
is photographed at XIOOO magnification through scanning 
electron microscope (manufactured by topcon, ABT-32) . From the 
photograph, an image of 20 Mm X20/Xm is selected, to directly 
measure the diameter of each particle included in the image. 
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The average diameter of organic fine particle is obtained from 
the measured values . 

( C ) Moisture permeability of moisture -permeable waterproof 
fabric 

The moisture permeability of the fabric is measured by L - 1099 
A-l method (calcium chloride method) and B-l method (potassium 
acetate method) both according to JIS standard. To show the 
results, the unit is converted to 24 hours. 

(D) Water resistance of moisture-permeable waterproof 
fabric 

Water resistance of the fabric is measured by L-1092 A and 
B methods according to JIS standard. 

(E) Friction resistance of moisture -permeable waterproof 
fabric surface 

With using color fastness to rubbing tester (manufactured 
by Daieikagakusha) , the fabric surface is rubbed 100 times by 
cotton, with a load of 200g applied thereto. After the rubbing, 
the fabric surface is observed visually and its friction 
resistance is evaluated according to the following criteria. 
O: No scratch is observed on the fabric surface. 
A: Slight scratch is observed on the fabric surface. 
X : Distinct scratch is observed on the entire fabric surface. 

(F) Measurement of Ah 

With using the above-described sweat simulator, 
measurements of H s and H 0 are performed according to the 
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above -described conditions. From the measured values. Ah is 
calculated according to the above-mentioned equation (1). 

[Production of high moisture-absorbing/ releasing and 
heat -generating organic fine particles] 

450 parts of acrylonitrile, 40 parts of methyl aery late, 
15 parts of p-styrene sodium sulfonate and 1180 parts of water 
were put in an autoclave and added, as polymerization initiator, 
with 0.5% of di-tert-butylperoxide with respect to the total 
mass of the monomers. After the autoclave was closed, 
polymerization of the monomers was performed at 150 "C for 20 
minutes with stirring. When the polymerization was completed, 
the obtained polymer was cooled to about 90°C with continuing 
the stirring, to obtain raw material particles having an average 
diameter of 0.5 Mm (measured by light scattering photometer) 
dispersed into water. To the water-dispersing particles, 
hydrazine was added so as to give a concentration of 35% , followed 
by a crosslinking treatment at 1 0 2^ for 2 . 5 hours . Subsequently 
NaOH was further added so as to give a concentration of 10%, 
followed by hydrolysis treatment at 102°C for 5 hours . The 
treated water- dispersing particles underwent dialysis in 
running water, desalting and drying, to obtain high 
moisture-absorbing/ releasing and heat -generating organic fine 
particles. The organic fine particles had 3 . 3%-increased 
nitrogen content from the raw material particles, carboxylate 
salt groups in a content of 4 . 3 mmol/g, a moisture percentage 
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of 45% at 65%RH and an average diameter of 52/xm. 

Inventive Example 

With using the produced organic fine particles, surface 
protective resin solution having the following composition was 
prepared; 

Ether-based urethane resin solution containing urethane 
modified with polyethylene glycol ( solid content : 29%) : 100 parts 

the produced organic fine particles: 11.6 parts 

dimethyl formamide: 30 parts 

toluene: 30 parts 
The organic fine particles and then dimethyl formamide were added 
to the urethane resin solution and dispersed with a beads mill 
so as to reduce the organic fine particle average diameter to 
3/Xm. Thereafter, toluene was added to the solution, to obtain 
the objective urethane resin solution. The objective urethane 
resin solution was applied and dried on a releasing paper and 
then separated from the paper, to obtain a resin film. The 
coefficient of moisture absorption of the resin film was 41%. 
This proves that the film had extremely high moisture 
absorbability . 

Subsequently, urethane resin solution for forming the 
moisture-permeable resin layer was prepared. The composition 
of the resin solution includes the followings: 

Ether-based urethane resin solution containing urethane 
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modifiedwith polyethylene glycol ( solid content : 29%) : 100 parts 

methyl ethyl ketone: 65 parts 

white pigment: 7 parts 
The prepared resin solution was applied on a releasing paper 
in a thickness of 0.0 9 mm and dried at 125*0, to obtain anon -porous 
urethane resin film. On this urethane resin film, an adhesive 
solution having the following composition was applied in a 
thickness of 0.10 mm and dried at 125 °C , to form an adhesive 
layer. Thereafter, nylon oxford was stacked on the adhesive 
layer to paste the nylon oxford and the urethane resin film through 
the adhesive layer, followed by pressing with heat at a 
temperature of 125 and a pressure of 118 kPa (1.2 kgf/cm 2 ) 
for the thermo compression bonding therebetween, to obtain a 
coated base fabric. 

Urethane resin solution composition for adhesive 

polyester ether-based urethane resin solution (solid 

content: 41%): 100 parts 
toluene: 30 parts 
methyl ethyl ketone: 10 parts 

Takenate WD-725 (hydrophilic group- containing aliphatic 
isocyanate manufactured by Takeda chemical industry) : 9 parts 
curing catalyst H1215 (manuf acturedby Dainichiseika) : 0.5 

part 

On the obtainedmoisture-permeable resin layer of the coated 
base fabric, the above-described surface protective resin 
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solution was applied with gravure roll and dried at 120 °C . The 
surface protective resin surface was further subjected to a water 
repellent treatment with Asahi guard AG5690 (fluorine 
water-repellent, manufactured by Asahiglass company) and then 
a set of finishing at 140 °C , to achieve the inventive 
moisture-permeable waterproof fabric. Then, the 
above-mentioned respective measurements and evaluations were 
performed with respect to this moisture -permeable waterproof 
fabric. The results are shown in table 1. 
Comparative Example 1 

A moisture -permeable waterproof fabric was obtained in the 
same manner as in the inventive example except that no surface 
protective resin was applied on the moisture -permeable resin 
layer. The obtained fabric (i.e. , coated base fabric) underwent 
the above respective measurements and evaluations . The results 
are shown in table 1. 
Comparative Example 2 

A moisture -permeable waterproof fabric was obtained in the 
same manner as in the inventive example except that the organic 
fine particles did not add to the surface protective resin 
solution. The obtained fabric underwent the above respective 
measurements and evaluations. The results are shown in table 
1. 

Comparative Example 3 

A moisture-permeable waterproof fabric not including the 
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moisture -permeable resin layer was obtained by applying the 
surface protective resin solution directly on the base fabric 
with gravure roll and drying the resin solution. In this 
comparative example, the base fabric surface could not covered 
completely with the surface protective resin , resulting in giving 
a non-practical fabric having a poor water resistance of 0 kPa. 
Comparative Example 4 

A moisture-permeable waterproof fabric was obtained in the 
same manner as in the inventive example except that: 1 ) as the 
resin solution for the moisture -permeable resin layer, used was 
the surface protective resin solution without being added with 
toluene after the dispersion with beads mill and 2) no surface 
protective resin was applied on the moisture-permeable resin 
layer. In this comparative example, the obtained fabric had 
a poor water resistance of 19.6 kPa and therefore was not 
practically used. 
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The followings can be considered from the results shown 
in table 1. 

Although the moisture -permeable waterproof fabric of the 
inventive example has the surface protective resin existing on 
the moisture-permeable resin layer, it exhibits almost as high 
moisture permeability as that of comparative example 1 without 
having such surface protective resin. On the other hand, the 
moisture -permeable waterproof fabric of comparative example 2, 
which has the surface protective resin containing no organic 
fine particles excellent in moisture-absorbing/ releasing 
property and heat -generating property by moisture absorption, 
has decreased moisture permeability. These facts reveal that, 
in the moisture -permeable waterproof fabric of the inventive 
example, the organic fine particles contained in the surface 
protective resin suppress the moisture permeability decrease 
of the fabric due to the application of the surface protective 
resin. 

In addition, the moisture-permeable waterproof fabric of 
the inventive example has Ah greater than that of comparative 
example 2. Accordingly, in case where a person wears clothes 
made of the moisture-permeable waterproof fabric of the inventive 
example, an increased humidity within clothing (i.e., humidity 
in a space between the human body and the clothes) when he sweats 
can be lowered due to the effect of the organic fine particles . 
It should be noted that the moisture-permeable waterproof fabric 
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of comparative example 1 do not have Ah, because the measured 
humidity thereof is served as H 0 that is the basis for Ah 
calculation with respect to the other clothes. 

Moreover, it is proved that the organic fine particles 
improve surface friction resistance of the moisture-permeable 
waterproof fabric of the inventive example. 

Furthermore, the moisture-permeable waterproof fabric of 
the inventive example also exhibits as good water resistance 
as those of comparative examples 1 and 2 . 

As described above, in comparative example 3 in which only 
surface protective resin was applied on the base fabric and 
comparative example 4 in which no surface protective resin was 
used, the respective moisture-permeable waterproof clothes are 
so poor in water resistance that they cannot be practically used. 

This application is based on patent application No. 
2000-359979 filed in Japan, the contents of which are hereby 
incorporated by references . 

As this invention may be embodied in several forms without 
departing from the spirit of essential characteristics thereof, 
the present embodiment is therefore illustrative and not 
restrictive, since the scope of the invention is defined by the 
appended claims rather than by the description preceding them, 
and all changes that fall within metes and bounds of the claims, 
or equivalence of such metes and bounds are therefore intended 
to embraced by the claims . 
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